This technical note (TN) describes the U.S. Army Corps of Engineers (USACE) Portland Districts (NWP) application of 1) a benthic sled equipped with an image sensor and towed over a nearshore beneficial use site to monitor marine animals, 2) computational software used to annotate the video acquired by the benthic sled, and 3) automation of video annotation.
The NWP, in collaboration with the National Oceanic and Atmospheric Administration (NOAA), the U.S. Environmental Protection Agency Region 10, and the Oregon Department of Fish and Wildlife (ODFW), regularly conduct site monitoring of the physical and ecological conditions of the placement sites. Ecological monitoring focuses on the survey of fish and epibenthic invertebrate species distribution and abundance. Surveys are conducted within, and outside the disposal area to assess changes in population or community structure, and to establish diversity indices for comparisons over time. A commonly used survey method to accomplish this goal is a bottom trawl survey, whereby a net is dragged along a preselected part of the ocean floor for a specific time and distance (Zimmermann et al. 2003) . The net is then retrieved onto the boat where the aquatic life can be more closely examined and the taxa are sorted. In addition to taxonomical identification, organism weight, length, and condition are often recorded. Traditional trawl surveys are labor and resource intensive, highlighting the opportunity to improve alternative "passive" survey methods.
A towed benthic sled is a passive method that has been used for several decades, this method is useful for evaluating not only the distribution and abundance of marine animals, but in particular their habitat associations (Uzmann et al. 1977; Lauth et al. 2004; Spencer et al. 2005; Stoner et al. 2007; Rooper 2008) . A benthic sled is typically fabricated of aluminum or steel pipe and flanges to attach equipment like an imaging system and lighting. The sled is towed behind a boat across the sediment surface to collect video of organisms and physical features near the bottom. The benthic sled post-survey analysis usually relies on annotations made by human observers, this is often labor and software intensive. Therefore, long term video collection projects, occurring over many years, often require robust software tools to effectively analyze data sets.
For several years, the NWP has employed NOAA and ODFW custom built benthic sleds equipped with a video system to help monitor marine animals near the sediment surface at NWP's nearshore beneficial use sites. The Video Annotation and Reference System (VARS) (Schlining and Stout 2006) , developed and used by the Monterey Bay Aquarium Research Institute (MBARI) for their deep-sea video annotations, was identified by the U. S. Army Engineer Research and Development Center (ERDC) to annotate the underwater video collected at nearshore beneficial use sites.
OBJECTIVES:
The objectives of this TN are to 1) describe a benthic sled, 2) provide a brief review of the differences between bottom trawl and benthic sled survey data, 3) describe the VARS software used to view, annotate, and manage video data, and 4) provide a brief review of automated annotation.
BENTHIC SLED: Benthic sleds, or underwater sleds, have been used for several decades for video or image surveys. Sled designs are classified based on where the sled is assigned to operate in the water column as bottom contacting or bottom tending (Rooper 2008) . A bottom contacting sled design is most commonly used (Figure 1 ). This design sinks to the bottom and maintains contact with the bottom while being towed on skids. A bottom tending sled is designed to be semi-buoyant, allowing the user to adjust the sled buoyance to achieve a specific depth. Bottom tending sleds are less conventional survey platforms, requiring some knowledge in control systems, fabrication, and electronics to successfully build, deploy, and operate (Spencer et al. 2005; Rooper 2008 ). Equipment such as image sensors or lasers for measurement scale can typically be mounted with limited modification to either sled design. Benthic sleds towed by NOAA and ODFW are bottom contacting designs and have been deployed in shallow and deep water (>70 m). NOAA sled accessories have included a high-resolution camera for the primary data acquisition (data camera, Canon Vixia HF R20 camcorder 1080p) enclosed in a waterproof housing, two light intensity-adjustable floodlights, a navigation camera (Multi SeaCam 2060, Deepsea Power and Light, San Diego, CA, USA) and two laser pointers (SeaLaser 100, Deepsea Power and Light, San Diego, CA, USA) to provide a measurement scale for items of interest in the video field of view. The data camera is internally powered, all other electrical and data transmission to the surface is accomplished via an umbilical coaxial cable. The data camera is usually set to a fixed focus and oriented to acquire video of an approximately 2 meter 2 area in front of the sled, with the laser pointers positioned near the center of the camera's field of view. To deploy, the sled is hoisted over the boat's stern, and placed into the water with the tow and coaxial cable attached. A depressor weight is attached to the tow cable (approximately 5 m from the sled). This is used to help reduce the effects of ship movements caused by sea surface conditions. The tow and coaxial cables are dispensed by the crew as the sled descends to the seafloor. Once the sled is on the seafloor, the survey transect starts ( Figure 2 ). To ensure usable image resolution, the sled is towed at speeds of 0.5 to 1 knot. A 500 meter transect will result in a surveyed area of approximately 375 meters 2 , and requires about 30 min for deployment and recovery. Sled position is estimated from the ships position, and cable deployment length and is recorded by the shipboard Global Positioning Satellite (GPS) system. Benthic sleds provide researchers the flexibility to sample for longer durations in comparison to a bottom trawl survey because animals are not being captured. seafloor.
TRAWL AND BENTHIC SLED SURVEY DATA:
Comparisons of benthic sled and trawl survey data have highlighted differences in fish densities and species richness (Table 1 ). In general, the overall mean density of aquatic organisms will often be greater for a benthic sled survey as compared to a trawl survey, but species identification can be limited when using a benthic sled (Spencer et al. 2005; Williams et al. 2015; McIntyre et al. 2015) . Spencer et al. (2005) observed video estimates of flatfish density equal to, or higher than, fine-meshed beam trawls, or by divers swimming transects. Similarly, Williams et al. (2015) showed that images obtained from a sled provided significantly higher estimates of megafauna abundance. McIntyre et al. (2015) demonstrated the two survey methods (i.e., trawls versus sleds) can provide different results for certain fish taxa. In particular, differences among methods were apparent for skates and rays, most likely due to the flat body shape which enables them to pass under a trawl more easily. Some taxa, easily sampled and identified by the benthic sled, are not adequately sampled by the trawl because they can pass through the mesh during retrieval of the net (Nybakken et al. 1998) . In contrast, species that actively avoided the benthic sled or are cryptic were less abundant than those captured in a trawl (McIntyre et al. 2015; Koslow et al. 1995; Uzmann et al. 1977) . Overall, trawls typically detected more species than could be identified in images or video (Spencer et al. 2005; Williams et al. 2015; McIntyre et al. 2015) . The authors acknowledge that image resolution and site conditions (e.g., images, video, lighting, and turbidity) can pose challenges for discerning the morphological details needed to identify to species.
The differences in density and identification of aquatic organisms between a trawl survey and benthic sled survey will influence the decision to use one method over the other, depending on project goals. The NWP acknowledges the differences between trawl and benthic sled surveys, and has chosen a sled because it has demonstrated a much lower environmental impact at the sampling site (two skids on the bottom of the sled as compared to the entire length of a trawl net dragging across the bottom), especially when repeatedly sampled (Kincaid and Rose 2017) . This is an important consideration when surveying in potentially sensitive areas where sediments have been recently placed and local fauna is recovering (Wilber and Clarke 2007) . The megafauna of interest in NWP benthic sled surveys are flatfishes (Pleuronectiformes) and the Dungeness crab (Metacarcinus magister) whose densities in sled surveys have been shown to be equal to, or greater than, trawl surveys (Spencer et al. 2005) . In addition to the traditional density and species richness data, the information about habitat associations, or distribution of the animals along a survey transect, is captured when a benthic sled is used. Additional benefits of sleds include the flexibility of the frame design which can be modified to house a variety of sensor types to collect corresponding data (e.g., dissolved oxygen and temperature). A time consuming component of a benthic sled survey is post-processing the video data, this can number in the hundreds of hours. However, video annotation software can be used quickly and effectively to analyze large data sets (i.e., many videos or long duration video files).
VARS:
The VARS software (Schlining and Stout 2006) was identified by ERDC to manually annotate the NWP's underwater video collected at the nearshore beneficial use sites. The VARS was developed by MBARI who has been annotating deep-sea videos since the 1980s. The software is designed to allow a human user to manually annotate a video frame, and store the annotation in a database along with frame "grabs" of each annotation, including any ancillary information (e.g., water temperature, depth, size of animal, number of animals, etc.). MBARI created VARS by developing and integrating three applications including a knowledgebase, annotation, and query application. The knowledgebase application contains the data used to annotate videos, thereby helping to standardize data entry. This helps to simplify the interface and save substantial time, especially when querying archived annotations. Administrative permissions (i.e., restrictions) can be established to limit access to the knowledgebase when attempting to change data. The annotation application interacts with the knowledgebase. Commonly used knowledgebase terms can be pinned to the annotation interface which enables faster annotation (Figure 3 ). When annotating a video file, the VARS built in media player is used to open the file in a separate window (Figure 4) . When an annotation is made, the time code of the video file is recorded along with the associated information entered by the annotator (e.g., scientific name, population size, color of sediment, etc. 
ANNOTATION AUTOMATION:
In the last couple of decades, software programs have been developed in an attempt to semi-automatically or automatically detect, classify, and quantify animals in underwater video (Strachan and Kell 1995; Cline et al. 2007; Spampinato et al. 2010; Shafait et al. 2016; Siddiqui et al. 2017) . The goal of this software is to limit the need and cost of a human manually annotating a video or image by automating the process as much as possible and enabling the collection and more efficient processing of many hours of video. Besides being a cost-effective alternative, an automatic recognition system has potential to reduce the environmental impact of the more traditional physically collected samples (e.g., bottom trawls) by improving the usefulness and effectiveness of underwater video surveys which has minimal environmental impact.
However, this opportunity has proven to be especially challenging to take advantage of in an underwater environment, where many non-target objects (i.e., noise) may be present in the video frame at one time. Automated software is usually highly customized, often computer intensive, commonly designed for specific needs, and can require the user to write scripts in order to operate successfully. Nonetheless, software has been developed to take advantage of a variety of algorithms (Spampinato et al. 2008; Godec et al. 2013 ) to detect objects of interest and then classify and/or quantify them with often times a high degree of success (Shafait et al. 2016; Cline et al. 2007 )( Figure 5 ). As previously mentioned, the limitations of images, lighting, turbidity and background noise (e.g., other non-target objects) typically limit the software to annotating mostly megafauna, which are easier to detect and classify. Because regulatory and other biological assessments often focus on megafauna, automatic detection and classification systems are desirable and should be an achievable alternative to human annotation of videos or images. Human identification of species is not 100% accurate (Culverhouse et al. 2007; Peterson 2012) , therefore, regardless of the annotation method (machine or human), there will be some degree of error. Determining an acceptable degree of human error for the specific megafauna being surveyed and comparing this
